Using data from Wave 12 of the Household, Income and Labour Dynamics in Australia (HILDA) Survey, we examine the impact of working hours on the cognitive ability of people living in Australia aged 40 years and older. Three measures of cognitive ability are employed: the Backward Digit Span; the Symbol Digits Modalities; and a 25-item version of the National Adult Reading Test. In order to capture the potential non-linear dependence of cognitive ability on working hours, the model for cognitive ability includes working hours and its square. We deal with the potential endogeneity of the decision of how many hours to work by using the instrumental variable estimation technique. Our findings show that there is a non-linearity in the effect of working hours on cognitive functioning. For working hours up to around 25 hours a week, an increase in working hours has a positive impact on cognitive functioning. However, when working hours exceed 25 hours per week, an increase in working hours has a negative impact on cognition. Interestingly, there is no statistical difference in the effects of working hours on cognitive functioning between men and women.
Introduction
Many countries have already increased their retirement ages by delaying the age at which people are eligible to start receiving pension payments. This means that more people continue to work in the later stages of their life. Some claim that delaying the retirement age can potentially help reduce the deterioration of cognitive functioning because of the continued intellectual stimulation that working provides (Potter et al., 2008; Small, 2002) . The relationship between retirement and cognitive functioning has attracted much attention in recent years, but recent studies have not reached consensus on whether the so called 'use it or lose it' hypothesis is valid. After controlling for the endogeneity of retirement, Mazzonna and Peracchi (2012) and Rohwedder and Willis (2010) find that there was a significant and negative effect of retirement on cognitive skills, while Coe and Zamarro (2011) do not find such a causal effect. Bonsang et al. (2012) find that the effects of retirement on cognitive function appeared with a lag, and conclude that there were positive externalities of a delayed retirement for older individuals.
Although these previous studies provide important insights into the relationship between retirement and cognitive functioning, they do not examine the impact of the quality or quantity of work on cognitive functioning. Work can be a double edged sword, in that it can stimulate brain activity, but at the same time, long working hours and certain types of tasks can cause fatigue and stress which potentially damage cognitive functions. Thus, the degree of intellectual stimulation of work may depend on the required task and working hours, that is, the quality and the quantity of work. There are number of studies which examine the effects of the quality of work (job type and job task) on cognitive functioning (Schooler et al., 1999; Bosma et al., 2003; Potter et al., 2008; Finkel et al., 2009; Marquié et al., 2010; Smart et al., 2014) .
However, there seem to be extremely few studies discussing the impact of the quantity of work (working hours) on cognitive functioning. Working individuals with longer hours of work have more incentive to invest in cognitive repair activities in order to maintain their cognition while working longer. In contrast, longer hours of work per se could reduce their cognitive performance. Using the Whitehall II Study sample of British civil servants, Virtanen et al. (2009) examine the relationship between long working hours and cognitive skills in middle age. They find that vocabulary test scores which measure crystallized intelligence are relatively lower among workers with long working hours, and point out that long working hours may have a negative effect on cognition in middle age. However, Virtanen et al. (2009) do not compare the level of cognitive skills of workers and non-workers. Middle aged and elderly persons tend to retire or decrease their working hours by being employed as a non-regular worker, so it is important to examine the impact of working hours on cognitive functioning among middle-aged and older adults.
What are the channels in which labor hours affect cognitive functioning? One of the channels is physical and/or psychological stress. Medical research suggests that stress affects cognitive functioning. McEwen and Sapolsky (1995) indicate that stress affects cognition rapidly via catecholamines and more slowly via glucocorticoids. Martin et al.
(2011) find that chronic stress has effects on cognition and increases the vulnerability to mental illness. Proctor et al. (1996) indicate that long working hours have adverse effects on the mental health of workers in the automobile industry. Cottini and Lucifora (2013) also find that long working hours increase stress. Thus, although engaging in work may help reduce the pace of cognitive impairment, such positive effects may be offset by the negative impacts caused by mental and physical stress associated with long labor hours.
In this paper, we focus not on labor market participation (the extensive margin), but on working hours (the intensive margin). We examine the causal impact of working hours on cognitive functioning for middle-aged and older adults using a cross section sample from the Household, Income and Labour Dynamics in Australia (HILDA) Survey.
We deal with the potential endogeneity of decisions on working hours by using the instrumental variable estimation technique. One potential problem in using working hours as the variable of interest is that the working hours are left censored, that is, for individuals who are retired or unemployed, working hours are treated as zero. In order to take account of these zero values in the working hours, we apply a Tobit model and then use the nonlinear fitted values from the Tobit model as the new instrument for working hours when the model for cognitive functioning is estimated by two stage least squares (2SLS).
Our empirical evidence shows that there is non-linearity in the effects of working hours on cognitive functioning. When working hours are less than around 25 hours a week, working hours have a positive impact on cognitive functioning. However, when working hours are more than 25 hours per week, working hours have negative impacts on cognition. These results suggest that people in old age could maintain their cognitive ability by working in a part-time job that requires them to work around 20-30 hours per week.
We estimate our models on samples of males and females separately as Matud (2004) suggests that there are differences in the extent to which males and females suffer stress and cope with stress. Since stress is suggested as one of the reasons for labor hours affecting cognitive functioning, Matud's evidence suggests a possible difference in the connection between working hours and cognitive functioning for men and women.
However, we find that there is no statistically significant gender difference in the effects of working hours on cognitive functioning.
The rest of this paper is organized as follows: Section 2 presents the empirical framework used in this paper. Section 3 describes the data and Section 4 reports the results of estimation and discusses their implications. The last section concludes this paper.
Estimation model and identification strategy
Our identification strategy exploits the variation in working hours, while controlling for individual characteristics. In order to capture a possible non-linearity in the effects of working hours on cognitive functioning, we consider the following model:
where denotes a cognitive test score, 2 is the square of working hours, and is working hours. denotes a vector of control variables which consists of a constant, the respondent's age, age squared, dummy variables which indicate his/her years of education, and a dummy variable which indicates the type of his/her educational qualification. We also include a dummy variable which takes the value unity if the respondent has a spouse and zero otherwise. This variable is included because communications and interactions with other family members may prevent declines in cognitive functioning. is an error term, and the subscript refers to the th individual.
The coefficient 1 captures the non-linear effect of working hours on cognitive functioning. Given the discussion in section 1 that some work is better than no work, and that too much work may be worse than some work, it is expected that 1 < 0 and 2 > 0. Holding everything else constant, it is easy to see that the cognitive test score is maximized when = − 2 /(2 1 ).
The possibility of the endogeneity of the respondents' working hours in equation (1) is a major obstacle to estimating the causal impact of working hours on cognitive functioning. Individuals whose cognitive abilities are lower (or higher) may decide to leave the workforce earlier (or later). On the other hand, the reverse causality between cognitive skills and working hours can be more ambiguous. Previous studies observe that a high wage rate is associated with cognitive skills (for example, Capatina, 2014) . In a neoclassical model of consumer behavior where there is a trade-off between consumption and leisure (leisure is a normal good), the impact of the wage rate on working hours depends on whether the substitution effect dominates the income effect or vice versa. Individuals whose cognitive abilities are higher, who tend to earn a relatively higher wage, could decide to reduce their hours of work even further.
The standard two stage least squares (2SLS) procedure is to find instruments which indicate the factors of labor demand or the factors which are related to their labor supply, but unrelated to their cognitive skills. However, we have another issue in examining the effects of labor hours on cognitive functioning, that is, labor hours are censored (that is, retirees report zero working hours). Rather than directly using variables which correlate with labor hours, but do not correlate with cognitive functioning, we use these variables for creating the fitted values for squared of working hours and working hours as instruments. The following model is assumed to explain working hours: house. These variables are designed to capture the factors which impact on the labor supply of the respondent, but not on their cognitive functioning. 1 is the same vector of control variables as is used in equation (1), and is a disturbance which is assumed to be normally independently and identically distributed with a zero mean and variance 2 .
For a retiree or an unemployed person, we observe his/her working hours per week as zero. Therefore, we estimate this model with left censoring using the Tobit technique.
First, we estimate the parameters in equation (2) using a Tobit estimator to obtain estimates of the parameters of ( = 1, ⋯ , 11) and , � and ̂, respectively. From equation (2), the conditional expectations of can be computed as
Where is the vector of regressors in equation (2), is the vector of parameters in equation (2), Φ(•) is the cumulative distribution function of the standard normal distribution function, and (•) is the probability distribution function (see Greene 2008, p. 871) . Given estimates of the parameters of equation (2), this conditional expectation can be estimated as � . � and � 2 are used as instruments for and 2 , respectively, in equation (1) in a 2SLS procedure (see Wooldridge 2010, p. 268 ).
1 It might be argued that the cognitive test score may be correlated with the location of the individual's residence or with the dummy variable which indicates whether the individual's parents are still alive. The validity of the variables used to generate exclusion restrictions needs to be investigated in future research.
Data: Overview of the HILDA Survey
Our data are drawn from the HILDA Survey which is conducted by the Melbourne and is used in many traditional intelligence tests. After reading out longer strings of single-digit numbers, the respondent is required to repeat those strings in reverse order.
The longest sequence administered is eight digits. In the BDS test, questions are divided into eight levels, and there are two trials at each level. When the respondent's response for the first trial for a given level is correct, he/she is allocated a score of two for that level, and then moves on to the next level. When his/her response on the first trial is incorrect, he/she moves on the second trial. If the respondent's answer on the second trial is correct, he/she is allocated a score of one for that level, and then moves onto the next level. If his/her answer on the second trial is also incorrect, he/she is allocated a score of zero for that level, and this test is discontinued; that is, he/she is allocated a score of zero for all the subsequent questions. Finally, The BDS score is the sum of the scores at each level, so the maximum possible score for the respondent is 16 and the minimum possible score is zero. BDSscore denotes the respondent's score on the BDS test. SDM is a general test for divided attention, visual scanning and motor speed. The respondent is 2 Detailed information on the sample design of the HILDA Survey is available on Wooden et al. (2002) and Watson and Wooden (2013) . required to match symbols to numbers using a printed key. 3 SDMscore is the respondent's score of SDM and is defined as the number of items correctly matched within a 90 second time interval. NART25 is a reading test and provides a measure of mainly crystallized intelligence. In the NART25 test, the respondent is required to correctly read 25 irregularly spelled words which are listed roughly in order of difficulty.
NART25score is his/her score on the NART25 test, and is also defined as the number of words correctly pronounced. Definitions of these variables and the other variables used in the analysis are provided in Appendix I.
The sample used in this paper is restricted to individuals who meet all of the [ Table I around here] Table II provides information on the current employment status of respondents by gender and age group. For all age groups, a higher percentage of males are working fulltime than females, and for both males and females as age rises the proportion of full-time workers falls.
[ Table II around here] Are these differences of working hours associated with differences in cognitive ability? Figure 1 shows kernel density estimates of the distribution of each of the three cognitive ability measures for males and females for three groups: respondents whose working hours are 35 hours per week or more; those whose working hours are greater 3 Strauss et al. (2006) provide details of the SDM test.
than zero but 34 hours per week or less; and those who are not working. Panels A1 and B1 in Figure 1 show the BDS score distributions, and show that the BDS score distributions for those who are not working are located slightly to the left of the BDS score distributions for those who work full-time or part-time. Comparing the distributions of the SDM score among these three groups in Panels A2 and B2, the distributions for those who are not working are clearly located to the left of the SDM score distributions for those who work full-time or part-time. In Panels A3 and B3, the distributions of the NART25 scores for males and females who are not working are also located to the left of the other NART25 score distributions.
[ Figure 1 around here] Thus, we can observe that there appears to be some differences in the locations of the distributions of cognitive ability among the three groups (full-time, part-time and not working). In the next section, estimation results for the impact of working hours on the BDM, SDM and NART25 scores adjusted for the other covariates are presented, respectively.
Estimation results
All regression results reported in this section are estimated using STATA version 13. Table III presents estimates of the coefficients of the variables that are included in equation (2) but not equation (1), that is, the variables that are used to generate exclusion restrictions. The estimation results in columns (1) and (2) have significantly negative (positive) impacts on the hours worked by females.
[ Table III around here] Table IV reports the results of estimating equation (1) taking account of the endogeneity of working hours. After controlling for the respondent's human capital and demographic variables, as shown in columns (1)-(3), the coefficients of Working hourssquared are significantly negative and the coefficients of Working hours are also significantly positive for males. As can be seen from the results in columns (4)-(6), the same is true for females.
[ Similarly, although fluid intelligence is subject to a decline as people get older, fluid intelligence could be also maintained by working hours closer to the threshold.
Then, where is the threshold? In other word, when does the impact of working hours on cognitive ability change from being positive to negative? In Figure 2 , we calculate the magnitude of the impacts of working hours on cognitive measures after controlling for other variables, using the estimated coefficients presented in Table IV . For men the peaks occur around 25 hours for BDS, 30 hours for SDM, and 25 hours for NART25.
For women the peaks occur a little earlier, around 22 hours for BDS, 27 hours for SDM, and 24 hours for NART25. Moreover, Figure 2 also suggests that the cognitive ability of those working extremely long hours can be lower than those who are not working at all.
For example, the SDM score of those who are usually 60 hours per week is lower than the SDM score of those who are not working both for males and females (Panel A2).
This suggests that longer working hours can lead to a deterioration of cognitive functioning. Figure 2 suggests that as working hours increase, females reach the peak earlier, and their cognitive test scores decline faster compared to male counter parts. We conducted tests if these visual differences are statistically significant. However, it is found that the coefficients of working hours and working hour squares are not statistically different between the two gender groups.
[ Figure 2 around here]
The results presented in Table IV and graphed in Figure 2 indicate that there is a non-linearity in the effects of working hours on cognitive functioning for middle aged and older males and females living in Australia. Even after including retirees and taking account for endogeneity and censoring of working hours, our findings are consistent with Virtanen et al.'s (2009) findings, that is, long working hours have a negative effect on cognition in middle age. Our results indicate that the part-time work is an effective way to maintain cognitive functioning relative to retirement or unemployment.
Concluding remarks
We examined the causal impact of working hours on the cognitive ability of middleaged and older aged males and females living in Australia using the HILDA Survey dataset. This study is unique in that it focuses on the intensive margin (working hours) rather than the extensive margin (labor force participation) and investigates the optimal working hours for middle aged and older workers. Using the test scores of memory span and cerebral dysfunction for the respondents, it is found that working hours up to 25-30 hours per week have a positive impact on cognition for males depending on the measure and up to 22-27 hours for females. After that, working hours have a negative impact on cognitive functioning. This indicates that the differences in working hours is an important factor for maintaining cognitive functioning in middle and older adults. In other words, in the middle and older age, working part-time could effective in maintaining cognitive ability. It is worth noting that our findings did not show any statistically significant gender differences in the effects of working hours on cognitive functioning. Our study highlights that too much work can have adverse effects on cognitive functioning.
[Appendix Table I around here] 3) These models also include the explanatory variables (excluding the variables related to working hours) that are reported in Table IV . Coefficient estimates associated with these variables are not reported.
Notes: 1) *, ** and *** indicate statistical significance at the 10%, 5% and 1% levels, respectively.
2) These models are estimated by the Tobit method. Figures reported in square brackets are standard errors adjusted for heterogeneity. 3) The Cragg-Donald Wald F statistic is computed using the "ivreg2" command in STATA 13.
Working hours
BDSscore SDMscore NART25score BDSscore SDMscore NART25score The question consists of eight levels. At each level the respondent has a maximum of two trials. When the respondent gets the answer correct on the first trial he/she is awarded a score of two, and moves on to the next level. When the respondent's answer on the first trial is incorrect, he/she moves onto the second trial. If his/her response on the second trial is correct, he/she is awarded a score of one and moves on to the next level. When both his/her responses at the same level are incorrect, he/she is awarded a score of zero and this test is finished at that point. The sum of the scores at each level is the BDS score. SDMscore
The number of items correctly matched within a 90 second time interval.
NART25score
The number of words the respondent correctly pronounces.
Working hours-squared/100 (Working hours) 2 /100 Working hours
The number of usual or average working hours per week the respondent works.
Vacancy rate (Job vacancy/Employed)*100, where Job vacancy denotes the number of job vacancies in the state where the respondent lives in November 2012 which are reported by the Australian Bureau of Statistics (ABS), and Employed denotes the number of total employed persons in the relevant state in November 2012 which are reported by the Inner regional 0-1 dummy variable taking the value unity if the respondent lives in inner regional Australia, and 0 otherwise.
Outer regional 0-1 dummy variable taking the value unity if the respondent lives in outer regional Australia, and 0 otherwise.
Remote 0-1 dummy variable taking the value unity if the respondent lives in remote Australia, and 0 otherwise.
Very remote 0-1 dummy variable taking the value unity if the respondent lives in very remote Australia, and 0 otherwise.
Number of dependent children
The number of the respondents' children who reside with the parent or guardian, and who are aged under 15 years or aged 16-24 years and enrolled in full-time education.
Parent is still alive 0-1 dummy variable taking the value unity if either the respondent's father or his/her mother still alive, and 0 otherwise.
Other public benefits 0-1 dummy variable taking the value unity if the respondent receives any income from the government in the form of a benefit, pension or allowance except the age pension , and 0 otherwise. Australian citizen 0-1 dummy variable taking the value unity if the respondent is an Australian citizen, and 0 otherwise.
Work experience
Total years the respondent is (was) in paid work Ownhouse 0-1 dummy variable taking the value unity if the respondent owns his/her own house or is currently paying off a mortgage, and 0 otherwise. 
Age

